OBJECT TAKING-OUT APPARATUS 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an object taking-out apparatus for taking 
out an object using a robot hand, and more particularly, to an object taking-out 
apparatus provided with object holding means whose orientation is changeable 
according to condition placement of an object. 

2. Description of Related Art 

Recently, robots have been made more intelligent to perform operations 
on objects. For example, an operation of taking out objects randomly stacked 
in a container or on a pallet is a typical application of a robot having a hand 
attached to an arm end. For taking out the objects randomly stacked and not 
subjected to positioning, the position/orientation of each individual object is 
detected by means of a visual sensor or the like, and according to the detected 
result, the operating position/orientation of the robot is determined before 
taking out objects. 

In taking out objects randomly stacked in a container, both the robot arm 
and the robot hand should not interfere with the container. This usually 
imposes limitations on taking out of objects. Specifically, objects that can be 
taken out without causing interaction are limited to those adequately spaced 
away from the peripheral wall of the container and not tilting toward the 
container wall. These requirements make it difficult to remove all the objects 
from the container. 

To avoid the interaction problem, an interaction avoiding apparatus is 
proposed for example in JP 2002-3 3 1480 A, which operates to actively change 
the orientation of the robot arm and the rotary position of the robot wrist, so 
that they do not enter a preset interaction region, thereby avoiding the 
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interaction between the container and the robot arm or hand. However, this 
kind of prior art still cannot remove objects placed near or tilting toward the 
container wall and objects surrounded by other objects highly stacked around 
them. 

SUMMARY OF THE INVENTION 

The present invention provides an object taking-out apparatus capable of 
positively eliminating the interaction problem to thereby greatly reduce 
restriction on a placement condition of an object to be taken out. 

According an aspect of the present invention, an object taking-out 
apparatus comprises a hand attached to a distal end of a robot arm and having 
holding means for holding an object; and orientation changing means provided 
at the hand, for changing orientation of the holding means to selectively take 
one of a plurality of orientations including a first orientation and a second 
orientation different from each other in accordance with a command from a 
robot controller. 

In this invention, the orientation of the holding means attached to the 
distal end of the robot arm is changed according to the position/orientation of 
an object to be taken out, presence of overlapping with another object, 
positional relation with the container wall, or the like, so as to alleviate object 
taking-out requirements, thus avoiding a condition in which an object is unable 
to be taken out. 

It is preferable that the first orientation is set such that a direction of a 
holding axis of the holding means is closest to a direction of a rotational axis of 
the distal end of the robot arm in the plurality of orientations to form a 
predetermined angle not equal to zero degree, e.g. equal to or less than 45 
degrees, between the direction of the holding axis and the direction of the 
rotational axis of the distal end of the robot arm. 
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Preferably, the holding means has a center of holding offset from a 
center axis of a proximal portion thereof. With this arrangement, objects even 
placed near the container wall can be held, without moving the hand to bring 
the center of the proximal portion of the hand close to the container wall. If 
the center of holding is not offset, the hand must be moved so that the center 
axis of the proximal portion coincides with the center axis of the object to be 
taken out, resulting in a fear of the hand to interfere with the container wall, if a 
condition of the distance between the object center and the container wall being 
larger than the interaction radius of the hand is not satisfied. 

In taking out an object tilting toward the container wall, the holding 
means of the hand is caused to assume the position where the predetermined 
angle is formed between a holding axis of the holding means and a rotational 
axis of the distal end of the robot arm, whereby the necessity of bringing the 
hand close to the container wall is eliminated to avoid the interaction 
therebetween. The predetermined angle may be an angle close to zero degree, 
if the object inclination is small. 

Next, as for the second orientation that can be assumed by the holding 
means, it is preferable that the second orientation be set to form an angle 
substantially equal to 90 degrees between the holding axis and the rotational 
axis of the robot arm end. Even if most part of a space in the vicinity of the 
object to be taken out is occupied by other objects, the holding means assuming 
the second orientation can access to the object to be taken out through 
unoccupied part of the vicinity space and hold that object without causing 
interaction with other objects. 

The object taking-out apparatus may be provided with a visual sensor 
having means for storing taught image models of an object as seen from 
different directions, and means for comparing a captured image of the object 
with the taught image models and for selecting one of the taught image models 
according to a degree of conformity. With use of this kind of visual sensor, 
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the orientation changing means can change the orientation of the holding 
means according to the selected taught image model before the object is held. 

A condition of how objects overlap one another may be detected by use 
of a visual sensor, and a held position of the object by the holding means may 
be changed according to the detected condition. 

The use of visual sensor is effective especially when the object to be 
taken out partly overlaps another object. Specifically, the object partly 
overlapping another object can be held without causing interaction, by holding 
that part of the object which is specified in advance by the visual sensor as 
being able to be held. 

The visual sensor may have image capturing means attached to the robot 
arm end through a slider mechanism that is movable in directions away from 
and toward the robot arm end. The image capturing means is moved in the 
direction away from the robot arm end at a time of image capturing, and moved 
in the direction toward the robot arm end at a time of the object being held, 
whereby the fear of causing interaction can be reduced. 

Specifically, if the object to be taken out is surrounded by highly stacked 
other objects, the visual sensor must be brought close to that object in order to 
take an accurate image thereof, and thus the fear of causing interaction between 
the hand and the highly stacked objects increases. In this invention, only the 
image capturing means attached to the slider mechanism can be moved in the 
direction away from the robot arm end at the time of image capturing, thereby 
preventing the interaction. At the time of holding the object, the image 
capturing means can be retreated in the opposite direction, thereby preventing 
the image capturing from hindering the holding of the object. 

As described above, this invention makes it possible to remove objects 
irrespective of what conditions they are placed in, while preventing the 
interaction between the hand and the container wall and between the visual 
sensor and objects other than the object to be taken out. Specifically, the 



4 



orientation of the holding means can be changed according to the 
position/orientation of the object to be taken out, the positional relation 
between the object and the container wall, the inclination of the object, the 
overlapping between the object and other objects, etc., whereby the object 
taking-out apparatus can flexibly deal with various conditions in which objects 
are placed. Thus, the efficiency and cost effectiveness of object taking-out 
can be improved. The problem of object taking-out being limited due to the 
interaction between the hand and the container and between the visual sensor 
and objects can be eliminated, and as a result, damages to the hand, visual 
sensor, objects, etc. can also be prevented. 

Since there is no fear that the position/orientation of the image capturing 
means is dislocated due to the interaction, the object taking out operation can 
be made without interruption for recalibration of the image capturing means to 
correct the dislocation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing the overall arrangement of an object taking-out 
apparatus according to an embodiment of this invention; 

FIG. 2a is a schematic view showing the construction of a hand used in 
the embodiment, in a state where a holding mechanism of the hand is in a first 
orientation, and FIG. 2b is a view showing the holding mechanism which is in 
a second orientation; 

FIG. 3 is a view showing an orientation of the hand for holding an object 
tilting toward a container wall; 

FIG. 4 is a view showing an orientation of the hand for holding an object 
located near the container wall; 

FIG. 5 is a schematic view of a hand having a visual sensor whose image 
capturing means is arranged to be movable; 
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FIG. 6 is a view for explaining how the image of an object surrounded 
by highly stacked objects is taken and how the object is gripped by means of 
the hand shown in FIG. 5, without causing interaction between the hand and 
the stacked objects; and 

FIG. 7 is a view showing by way of example a flowchart of procedures 
for selecting a way of object holding according to results of image capturing 
and three-dimensional visual measurement, together with a relation between 
conditions of objects and ways of holding. 

DETAILED DESCRIPTION 

With reference to the appended drawings, an object taking-out apparatus 
according to an embodiment of the present invention will be explained. 

In FIG. 1, reference numeral 1 denotes a vertical articulated robot 
(hereinafter simply referred to as robot) connected via cables 6 to a robot 
controller 2 for controlling the operation of the robot 1 . The robot 1 has an 
arm having a distal end thereof mounted with a hand 3 and a three dimensional 
visual sensor. This visual sensor has a sensor head which includes image 
capturing means and which will be referred to as image capturing means 4. 
The hand 3 is provided with holding mechanism (serving as object holding 
means), mentioned later, which is controlled by the robot controller 2. 
Control signals and electric power are supplied to the hand 3 through cables 8 
extending between the robot hand and the robot controller 2. 

The three dimensional visual sensor may be for example a conventional 
one that is a combination of a light projector for irradiating patterned light such 
as slit light or spot light and a CCD video camera (serving as image capturing 
means) for detecting reflected light. The CCD video camera may also be used 
for ordinary picture taking to obtain a two-dimensional image without light 
projection. 
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The image capturing means (sensor head) 4 of the three dimensional 
visual sensor is connected through cables 9 to a control processor 5 for the 
visual sensor. The control processor 5, which may be for example a personal 
computer, comprises hardware and software for controlling sensing operations 
(light projection, image capturing, etc.) of the visual sensor, and for processing 
photodetection signals (video image signals) obtained by the sensing (including 
ordinary picture-taking), and for transmitting, as mentioned later, the desired 
information to the robot controller 2 through a LAN network 7. 

In this embodiment, a large number of objects 13 to be taken out by the 
robot hand 3 are received and randomly stacked in a basket-like container 1 1 
placed near the robot 1 . The container 1 1 may be one having a peripheral 
wall 12 that defines an upper opening which is rectangular in cross section, 
however in general, the container shape is not limited thereto. 

The construction and functions of the hand 3, which are primary features 
of this invention, will be described with reference to FIGS. 2a and 2b. 

As shown in FIGS. 2a and 2b, the hand 3 is attached through a coupling 
member 31 to a mount 41 that is mounted to the distal end 10 of the robot arm. 
In parallel to the coupling member 3 1 , a telescopic mechanism is provided that 
has telescopic means 32 adapted to be driven for example by a pneumatic 
cylinder or the like. Holding means (hand body) 35 for griping an object is 
pivotally supported by rotary supports (pivotal axes) 33, 34 that are 
individually provided near distal ends of the coupling member 3 1 and the 
telescopic means 32. 

The holding means 35 may be in forms of such as a chuck having 
closing pawls for holding an object, a vacuum or magnetic suction pad for 
sucking an object. The type of holding means for use is selected in 
accordance with the shape, material, weight, etc. of the object to be held. In 
this embodiment, holding means of a type having closing members 35a, 35 is 
used by way of example. For any type of holding means, electric power and 
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commands for holding operations (such as close command, release command, 
suction command, suction stop command, etc.) are supplied from the robot 
controller 2 to the holding means. 

In the embodiment, with expansion and contraction of telescopic means 
32, the holding means 35 rotates around the rotary support 33 where it is 
coupled to the coupling member 3 1, to thereby change its orientation. The 
telescopic means 32 has a plurality of expansion-contraction positions which 
are set beforehand and between which a changeover is made in accordance 
with a command from the robot controller 2. The expansion-contraction 
positions include one where the holding means 35 assumes a first orientation 
shown in FIG. 2a and another one where it assumes a second orientation shown 
in FIG. 2b. 

In the first orientation, a predetermined angle 01, not equal to zero, is 
formed between a holding axis A of the holding means 35 and a rotational axis 
B of the distal end 10 of the robot arm. Hereinafter, the angle formed 
between these two axes A, B will be referred to as holding angle, and holding 
angles corresponding to the first and the second orientations will be referred to 
as first and second holding angles, respectively. 

Typically, the first holding angle is set to be larger than zero degree (for 
example, equal to or larger than 10 degrees) and less than or equal to 45 
degrees. This setting is intended for convenience of taking-out of an object 
disposed in the container 1 1 to tilt toward the container wall 12, as will be 
described with reference also to FIG. 3. 

As shown in FIG. 3, when the first holding angle is set to be larger than 
zero degree, an object 13a tilting toward the container wall 12 can be held and 
taken out from the container without causing interaction. When the first 
holding angle is zero, the normal line to the top surface of the object 13a 
coincides with the axis of the robot arm end, and if the object 13a to be taken 
out is disposed near the container wall 12 so that the normal line to the object 
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13a crosses the container wall 12, especially a lower part of the wall, there is a 
great fear that the robot hand 3 or the robot arm moving along its axis or the 
normal line to the object 13a interferes with the container wall 12 except for a 
case where the tilting angle of the object 13a is small. 

In the second orientation shown in FIG. 2b, the holding angle (an angle 
02 formed between the holding direction axis of the holding means 35 and the 
axis of the robot arm end 10) is about 90 degrees. With this setting of the 
second orientation, the holding means 35 of the robot hand 3 can access an 
object, which is to be taken out, from a direction in which no object is present 
in a space near the object to be taken out, and can hold the object without 
causing interaction with other objects. 

To allow the visual sensor to capture the image of an object in order to 
determine the position or orientation thereof, the image capturing means 4 of 
the visual sensor must be brought close to the object. On this occasion, the 
holding means 35 can assume the second orientation so as to avoid interaction 
with objects. As shown in FIG. 2a, moreover, the holding means 35 of the 
hand 3 is configured such that its holding center C is located offset from the 
center axis D of a proximal portion of the hand 3. This eliminates the 
necessity of causing the center axis of the proximal portion of the hand to 
coincide with that of the object at the time of object taking-out, making it 
possible to allow the hand to assume such a position where the proximal 
portion of the hand is located offset inwardly of the container, as shown in FIG. 
4 in which reference numeral 13b denotes an object to be taken out using the 
holding means 35 and located close to the peripheral wall 12 of the container. 

In the hand 3 having the construction shown in FIG. 3, the image 
capturing means (which may include a light projector) 4 is fixedly mounted to 
the mount 41 at the robot arm end 10. Thus, the positional relation between 
the holding means 35 and the image capturing means 4 is kept unchanged, 
except for changes in orientation of the holding means 35. With this 
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arrangement, when the image capturing means 4 is moved close to an object 
whose image is to be captured, the hand 3 is automatically moved close to the 
object, and when the holding means 35 is moved to an object to be held, the 
image capturing means 4 is automatically moved close to the object. This 
increases the fear of causing interaction between the hand and surroundings 
such as objects. On the other hand, in general, it is unnecessary to move the 
holding means close to the object at the time of the image capturing, and to 
move the image capturing means close to the object at the time of the holding 
the same. 

In this regard, the present invention proposes not only the 
aforementioned hand construction, but also a slide mechanism for moving the 
image capturing means between the distal end and the proximal end of the 
hand. FIG. 5 shows an example of the hand construction having such a slide 
mechanism, in which the image capturing means 4 of the visual sensor is not 
fixedly mounted to the mount 41 at the robot arm end 10, but mounted thereto 
through a slider mechanism 42 for moving the image capturing means 4 in a 
direction parallel to the axis of the robot arm end 10. 

Reference numeral 43 denotes a carrier for the image capturing means 4. 
The carrier 43 is arranged to be movable on the slider mechanism 42, thus 
making the image capturing means 4 movable. Although an illustration is 
omitted, the slider mechanism 42 is connected to the robot controller 2, so that 
the position of the carrier 43, and by extension the position (slide position) of 
the image capturing means 4, is controlled in accordance with a command 
supplied from the robot controller 2. 

This makes it possible to slide, where required, the image capturing 
means 4 up to the position closest to the object whose image is to be captured, 
while suppressing the movement of the hand 3 toward the object to a minimum, 
thus reducing the fear of interaction of the hand 3 with the surroundings such 
as objects. On the other hand, when the hand 3 is moved close to the object to 



be held, the image capturing means 4 is retreated up to the position most 
remote from the object, thereby suppressing the movement of the image 
capturing means 4 toward the object to a minimum. When the hand moves 
toward the object, therefore, the fear of interaction of the image capturing 
means 4 with the surroundings such as objects can be reduced. 

This method for interaction avoidance is effective especially when, as 
shown in FIG. 6, the object 13c to be subject to the image capturing or the 
holding is located deeply below the surrounding objects. In FIG. 6, the 
position, shown by the solid line, of the image capturing means 4 indicates an 
example of the slide position for capturing the image of the object 13c, whereas 
the position shown by the dotted line of the image capturing means 4 indicates 
an example of the slide position for holding the object 13c. 

By use of the object taking-out apparatus having the aforementioned 
constructions and functions, objects 13 in the container 1 1 are taken out one by 
one. The following is a typical outline of procedures, after which the objects 
13 are taken out by the holding means 35 of the hand 3. 

(1) The robot 1 is moved to a first image capturing position which is a 
position suitable for the robot to cover, with some margin, a distribution area of 
the objects 13 (the inner area defined by the peripheral wall 12 of the container 
11), and which is taught beforehand to the robot controller 2. 

(2) At the first image capturing position, an image covering the 
distribution area of the objects 13 is taken using the image capturing means 4. 

(3) Using the control processor 5 for visual sensor, an attempt is made to 
detect each individual object 13. Various methods for the individual detection 
of objects are known. In this embodiment, the two-dimensional object image 
is taught beforehand to the control processor 5, and, using a matching method, 
one or more objects 13 are found out and a three-dimensional measurement is 
performed for the individual object detection. 
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(4) In accordance with appropriate rules, among the detected objects, an 
object to be taken out at this time is selected. There are known various 
selection methods, and an appropriate method can be selected according to 
design specifications: For example, a rule may be used, in which an object 
located at the highest position is selected with priority. The height of each of 
the detected objects can be detected by sequentially irradiating slit light on the 
objects and by making a three-dimensional measurement, for instance. 
Another rule may be used, in which an object located closest to the center of 
the container 1 1 is selected with priority. 

(5) In order to obtain detailed information of the object that is about to 
be taken out at this time and an environmental condition around the same, a 
second image capturing position is determined. For example, the second 
capturing position can be determined by correcting a position 
(three-dimensional position) taught beforehand to the robot controller 2, on the 
basis of two-dimensional position information of the object that is about to be 
taken out at this time (which information is obtainable by the image capturing 
at the first image capturing position, and for height information, taught data is 
used as it is). Alternatively, the second image capturing position may be 
determined using three-dimensional position data of the object about to be 
taken out at this time, out of pieces of such data of the individual objects 
obtained at procedure (4) while irradiating slit light thereon. 

(6) The holding means 35 is caused to assume the second orientation 
where it is folded in compact, thereby avoiding interaction between objects and 
the hand 3. The second orientation may also be adopted when the image 
capturing at procedure (3) is carried out. 

(7) In case that the hand shown in FIG. 5 is used, the image capturing 
means 4 is slid in the direction away from the robot arm end up to the position 
closest to the object. In this case, this slide position is taken into account for 
the determination of the second image capturing position at procedure (5). Of 
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course, procedure (7) is omitted in a case where the hand shown in FIGS. 2a 
and 2b is used. 

(8) The robot 1 is caused to move to the second image capturing position. 
In the case of the hand shown in FIG. 5, the image capturing means 4 is slid in 
the direction away from the robot arm end up to the position closest to the 
object, whereby the fear of interaction can be greatly reduced as explained 
above, even if the object about to be taken out is located deeply below the 
surrounding objects. 

(9) Using the control processor 5, a two-dimensional image is taken of 
the object about to be taken out and the environmental condition around the 
same. Then, a three-dimensional measurement of the object and its 
environment is carried out, while performing irradiation of slit light from the 
light projector and other operations. 

(10) Results of procedure (9) are analyzed by the control processor 5 to 
judge a condition of the object about to be taken out and its environment, and 
then a holding mode suited to the judged condition is determined. For the 
condition judgment, all the conceivable conditions are classified into several 
cases in advance, and which of these cases the condition in question belongs to 
is determined. FIG. 7 shows by way of example the classified cases and the 
main points of judgment processes (flowchart), together with types of the 
holding either of which is selected according to the judgment result. Here, it 
is assumed that objects are of annular ring shape (automotive tires, for 
example). 

First, a determination is made as to whether or not the object attempted 
to be taken out is in an upright orientation (Step SI). For the determination at 
Step SI, images of an object is taken from different directions using the image 
capturing means 4, and based on these images, taught image models are 
prepared beforehand in the control processor 5. The image of the object taken 
in the second image capturing position is compared with the taught image 



models, and the taught image model with the highest conformity is selected to 
determine whether the object is in an upright orientation or not. 

If the result of determination at Step SI is negative (No), whether or not 
the object attempted to be taken out overlaps another object is determined (Step 

52) . In this determination, as for objects of annular ring shape, the 
determination result is affirmative (Yes), if the oval arc profile of the object 
attempted to be taken out is disconnected by another oval arc profile. If not 
so, the determination result is negative. 

If the result of determination at Step S2 is negative, it is determined that 
the object attempted to be taken out is in a horizontally oriented orientation and 
does not overlap another object, as shown by reference numeral 21 . As the 
holding mode suited to the above condition, inside-holding is selected (Step 

53) , in which the object 21 is held from inside by opening the closing members 
35a, 35b (see, FIGS. 2a and 2b) of the holding means 35. Specifically, in the 
inside-holding, the holding means 35 is moved close to the object 21 from 
above, and then the closing members 35 a, 35b are opened to be brought in 
urged contact with the inner peripheral surface of the object 21, whereby the 
object 21 is held. 

If the result of determination at Step S2 is affirmative, it is determined 
that, as shown by reference numeral 22, the object attempted to be taken out 
overlaps another object 23, and is partly covered by the object 23. As the 
holding mode suited to this condition, outside-holding is selected (Step S4), in 
which an arcuate portion of the object 22, not covered by another object 23, is 
held from both sides by closing the closing members 35a, 35b. Specifically, 
when the object 22 overlaps another object 23, the holding means 35 is moved 
close to the object 22 from above, and then the closing members 35a, 35b are 
closed to be brought in urged contact with the inner and outer peripheral 
surfaces of the object 22, respectively, whereby the object 22 is held. 



On the other hand, if the result of determination at Step SI is affirmative, 
whether or not an empty area is present on both sides of the object attempted to 
be taken out (Step S5). In this determination, as for objects of annular ring 
shape, it is determined that an empty area is present on both sides (object 24), 
if a narrow band-shaped profile (representing another upright object) is not 
detected at a height substantially equal to the height of the object attempted to 
be taken out. If another upright object 26 is detected on one side, it is 
determined that an empty area is present on one side (object 25). If other 
upright objects 27, 29 are detected on both sides, it is determined that no empty 
area is present (object 28). 

As the holding modes suited to these conditions, top-holding, 
side-holding, and unable to hold are selected, respectively (Steps S6, S7 and 
S8). The top-holding and the side-holding belong to a so-called vertical 
holding. 

In the top-holding, the holding means 35 is moved close to the object 24 
from above, and then the closing members 35a, 35b are closed to be brought in 
urged contact with both end surfaces of the object 24, respectively, whereby 
the object 24 is held. 

In the side-holding for a case where an empty space is present only on 
one side of the object 25, the holding means 35 is moved close to the object 25 
from lateral side, utilizing the empty space, and then the closing members 35a, 
35b are closed to be brought in urged contact with the inner and outer 
peripheral surfaces of the object 25, respectively, thus holding the object 25. 

If the unable to hold condition is determined at Step S8, the object to be 
taken out at this time is changed to the second best object that can be 
determined according to the rules in procedure (4). Whereupon, the 
procedure (5) and subsequent procedures are repeated. 

Subsequently, the above procedures are repeated until Step S3, S4, S6, 
or S7 is reached. If Step S8 is reached for all the objects detected in 



procedure (3), an alarm is output and the system is caused to stop, though this 
situation hardly occurs. When the state of unable to hold is detected, other 
objects are taken out ahead of the same. In general, therefore, there is a high 
possibility that a space is produced at least one side of the object that was 
determined as being unable to hold. 

(1 1) In accordance with the decided holding mode, the orientation of the 
holding means 35 is selectively determined. In case that the holding means 
moves to the object from above (except for the case of side-holding), the 
holding means is set to assume the first orientation. If holding means moves 
to the object from lateral side (in the case of side-holding), it is set to assume 
the second orientation. 

(12) If the hand shown in FIG. 5 is used, the image capturing means 4 is 
slid (retreated) in the direction toward the robot arm and up to the position 
most remote from the object. This procedure (12) is of course omitted, when 
the hand shown in FIGS. 2a and 2b is used. 

(13) In accordance with the position/orientation of the object to be taken 
out and the decided holding mode, the operating position (robot position) for 
carrying out the holding operation is determined. Where required, one or 
more approach points short of the operating point are determined. 

(14) The robot 1 is caused to move to the operating position, and the 
holding is performed, as mentioned above, according to the determined holding 
mode. In the case of using one or more approach points, the robot 1 is moved 
by way of the approach point or points to the operating position for holding. 
The held object is brought to a specified location, and then released from the 
holding means 35. 

(15) After returning to procedure (1), the above procedures are repeated 
until no object is detected in procedure (3). 

In the above, typical embodiments have been explained. However, this 
invention is not limited to these embodiments. For example, the capturing 
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means of the visual sensor is not necessarily mounted to the robot arm, but may 
be fixedly provided above the container. This invention is of course 
applicable to a case where a container having a low-profiled wall, such as tray 
or pallet is used, and to a case where objects are randomly stacked on a plate, 
table, floor, or the like. 

As for telescopic means for changing the orientation of the holding 
means of the hand, it may be a telescopic mechanism having an electric motor 
serving as a drive source, instead of a hydraulic cylinder used in the 
embodiment. As an alternative to the telescopic mechanism, there may be 
used a mechanism, having a rotary mechanism provided at one end of a 
coupling member and driven by an electric motor, for directly rotating the 
holding means to change the orientation of the same. 
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